V enous thromboembolism (VTE)
is a well-known complication after spinal surgery. A few studies have reported the prevalence of VTE after spinal surgery with respect to all patients being screened for VTE (prevalence range, 1.5%-15.5%). [1] [2] [3] [4] However, these studies had some limitations. Spinal surgery generally involves many surgical procedures for a variety of pathologies. Moreover, surgical sites vary along the length of the spine. Thus, it is difficult to generalize about the incidence of VTE after spinal surgery as compared with VTE after hip and knee arthroplasty. 5, 6 To the current authors' knowledge, no comparative studies exist of VTE based on different pathologies, surgical procedures, or levels after spinal surgery.
Another problem is that previous studies have screened only for deep venous thrombosis (DVT); no pulmonary thromboembolism (PTE) screening was performed. This means that PTE-positive patients without DVT may have been missed. Pulmonary thromboembolism is a serious and potentially life-threatening complication. 7, 8 From the perspective of preventing fatal complications, predictive diagnosis for PTE is likely more important than that for DVT, and an unmet need exists to understand the relationship between DVT and PTE after spinal surgery.
The current authors examined the incidence of DVT and PTE after elective spinal surgery and identified associated risk factors for VTE after spinal surgery.
Materials and Methods
A total of 523 patients undergoing spinal surgery between October 2008 and March 2011 at the authors' institution were considered for inclusion in this study. Of the 523 patients, 340 were selected for the study and divided into 4 groups. One hundred eightythree patients were exluded because they did not match the inclusion criteria. Exclusion criteria were trauma, anterior decompression and fusion, pyogenic spondylitis, spinal cord tumor, arteriovenous fistula, and adolescent idiopathic scoliosis. Informed consent was obtained from all patients. The patients included 190 men and 150 women with a mean age of 59 years (Table 1) . Group 1 comprised 79 patients with lumbar spinal stenosis treated with posterior decompression without fusion; group 2 comprised 90 patients with lumbar or lower thoracic degenerative disease treated with instrumentation for spine fusion; group 3 comprised 89 patients with cervical degenerative disease treated with posterior decompression or instrumentation for fusion; and group 4 comprised 82 patients with spinal tumors treated with total spondylectomy or piecemeal excision with stabilization. Patients in groups 1, 2, and 3 were treated using a posterior approach.
All 340 patients received mechanical prophylaxis, including compression stockings and intermittent pneumatic compression devices, from induction of general anesthesia to postoperative ambulation. No anticoagulation medications were used for prophylaxis against VTE. All patients were examined with duplex ultrasonography assessments of both lower extremities and with lung perfusion scintigraphy 7 to 10 days postoperatively to ensure that any asymptomatic thromboembolism was not missed. If PTE was suspected or DVT was detected, the patient underwent multidetector computed tomography (CT) venography. A definite diagnosis of DVT was made using duplex ultrasonography assessments, and a definite diagnosis of PTE was made using multidetector CT venography.
Thrombi were classified as distal DVT if they involved the calf veins only and as proximal DVT if they involved the popliteal or a more proximal vein. Patients with both a proximal and a distal thrombus were classified as having proximal thrombosis. The incidence of VTE was evaluated in relation to age, sex, spinal tumor, operative time, intraoperative blood loss, obesity (body mass index), duration of postoperative bed rest, and neurologic deficit. Neurologic deficit was defined as nonambulatory with paralysis (manual muscle test score less than 3).
Results are presented as mean6SD. Statistical analyses were performed using the chi-square test, Mann-Whitney U test, Fisher's exact test, and binomial logistic regression analysis. A P value less than .05 was considered statistically significant. All statistical analyses were performed using SPSS statistical software version 18 (SPSS, Inc, Chicago, Illinois).
results
The overall incidence of VTE was 13.5% (46/340). The rate of DVT was 11.8% (40/340), and the rate of PTE was 2.9% (10/340). However, no patient had symptomatic DVT, and only 0.59% (2/340) of the patients had symptomatic PTE. These 2 patients were in group 2. Their symptoms included respiratory discomfort, which did not develop into a critical condition.
Of 46 VTE-positive patients, distal thrombus only was identified in 30 (65.2%), proximal thrombus only was identified in 6 (13.6%), PTE only was identified in 6 (13.6%), and both PTE and DVT were identified in 4 (8.7%). The most common DVT was found in the soleus vein (28 patients). Of 2 symptomatic PTE patients, 1 had DVT in the left soleus without symptoms, and the other had no DVT according to duplex ultrasonography and multidetector CT venography.
The incidence of VTE was 15.2% (12/79) in group one, 13.3% (12/90) in group two, 4.5% (4/89) in group 3, and 22.0% (18/82) in group 4. In group 3, VTE was found in 3.2% (2/62) of patients after cervical posterior decompression surgery without fusion and 7.4% (2/27) of patients after cervical fusion surgery with instrumentation. All 4 VTE-positive patients had distal DVT without proximal DVT or PTE. In group 4, proximal DVT or PTE accounted for 44.4% (8/18 patients with VTE) of VTE (Table 2) .
Twenty-four of the 46 VTE-positive patients were treated with an adjusted dose of low-molecular-weight heparin and warfarin. The remaining 22 patients were followed closely but did not require treatment. Statistically significant risk factors for VTE included advanced age (P5.004), neurologic deficits (P5.001), spinal tumor (P5.011), intraoperative blood loss (P5.019), and duration of bed rest (P5.026) in the univariable analysis (Table  3) . No significant differences existed in operative time (P5.069) or body mass index (P5.291). Multivariate analysis showed that advanced age (P5.010), neurological deficits (P5.001), and spinal tumor (P5.046) were risk factors for VTE (Table 4) .
discussion
The exact incidence of PTE and DVT after spinal surgery has not been clarified. Databases created by both the Scoliosis Research Society 9 and the Nationwide Inpatient Sample 10 have been used to report the rate of VTE after spinal surgery. However, the reported rate of VTE from each institute was dependent on the surgeon's interest in VTE because these databases were not specifically for VTE. It is unlikely that routine screening methods were used for the majority of cases reported to each database. 9 Moreover, the method of prophylaxis varied among surgeons between institutions.
Many studies regarding VTE screening have focused on DVT because DVT is considered to precede and cause PTE. [1] [2] [3] [4] Even thrombi of the calf veins have the potential to propagate proximally, which can lead to PTE. [11] [12] [13] Asymptomatic DVT has been shown to increase rates of fatal PTE in patients undergoing total joint arthroplasty in their lower extremities.
14,15 However, Dearborn et al 16 reported that no patient with PTE had a clinically significant DVT before diagnosis of PTE; moreover, 4 of 10 patients with PTE were evaluated with duplex ultrasound, but the results of all examinations were negative. Pateder et al 8 reported that 2 of 10 PTE-positive patients had DVT, and the duplex ultrasound was negative in 1 patient. The current study examined DVT and PTE screening for all patients. No DVT was found in 6 of 10 PTE-positive patients. Four patients belonged to group 4, 1 to group 2, and 1 to group 1. Deep venous thrombosis may have already developed into PTE in these cases. This suggests that many PTEs were missed at the time of DVT screening. The current authors believe that the site of the thrombi differs from moment to moment and that VTE should not be ruled out if no DVT was found during the screening examination because it is possible that DVT already developed into PTE. Therefore, screening for VTE is not satisfied by duplex ultrasonography assessments alone. Screening for PTE may be required in high-risk cases of VTE. In ruling out PTE, it is important to note that false-negative results are potentially fatal. 17 Thus, selecting high-risk patients is an important issue.
In general, malignant tumors, immobility, obesity, trauma, major surgery, and advanced age are reported as risk factors for VTE. [18] [19] [20] [21] [22] However, risk factor quantification for VTE after spinal surgery, even on meta-analysis, is difficult. 23 Spinal surgery involves various surgical procedures for many pathologies. Thromboembolic risk must be categorized into different levels according to surgical procedure or surgical site. The current study demonstrates that the rate of VTE varies with different spinal levels, surgical procedures, and pathologies.
In the current study, the rate of VTE was not significantly different between groups 1 and 2. Group 2 included 46 cases of single-level posterior lumbar interbody fusion. Less invasive fusion surgery was thought to result in no difference of VTE rate compared with lumbar decompression surgery. However, 2 symptomatic PTEs occurred in the fusion group (group 2): 1 reoperation and 1 eight-level posterior instrumentation surgery. The possibility exists that more invasive surgery, such as deformity surgery or multilevel fusion surgery, would cause a high risk of VTE.
Cervical spine surgery (group 3) has a low risk of VTE compared with other surgeries. The current authors used the same frame and patient position for cervical and lumbar procedures. The difference in VTE prevalence could be attributed to the spinal level because the upper extremities have a low risk of VTE compared with the lower extremities. Few reports specifically reference the relationship between the spinal level and the risk of VTE. 2, 24, 25 Two studies indicated the low incidence of VTE at the cervical spine. 2, 25 However, these 2 studies involved many surgical procedures for various pathologies. Another study reported that upper thoracic injury seems to be the highest risk and that the lumbar spine is the lowest risk. 24 However, this upper vs lower extremity distinction may result from the fact that spinal cord injury is different from degenerative disease in terms of trauma and paralysis. In the current study, patients with spinal tumors (group 4) were at high risk for VTE. In 8 (44.4%) of 18 patients who had VTE in group 4, the VTEs were proximal DVT or PTE in the tumor group. In addition, spinal tumor surgery tends to be invasive, and paralysis sometimes occurs because of spinal cord compression from the expanding tumor. A high rate of critical VTE results from a combination of these factors.
Advanced age and neurologic deficits were also risk factors in the multivariate analysis. The overall rate of VTE in patients older than age 70 years was 24% (24/100 patients), including 26.5% (9/34 patients) in groups 1 and 2, 13.6% (3/22 patients) in group 3, and 30.0% (3/10 patients) in group 4. Particular vigilance is required for VTE in elderly patients. Six (3 in group 2 and 3 in group 4) of 10 patients (4 in group 2, three in group 3, and 3 in group 4) with paralysis had VTE. Paralysis was a strong risk factor for VTE. Obesity was not found to be a risk factor in this study, perhaps because only 18 patients had a body mass index greater than 30 and this was not a sufficient number to identify the risk.
Anticoagulation medications are not used in patients who undergo spinal surgery because they increase the risk of epidural hematomas, which often cause catastrophic neurologic complications. 21, [26] [27] [28] [29] Therefore, the current authors use only mechanical methods of prophylaxis for VTE.
A limitation of this study was that preoperative screening of VTE was not performed. Some patients with paralysis may have had VTE preoperatively.
conclusion
The prevalence of VTE following elective spinal surgery was different in each group studied. In particular, spinal tumor surgery carried a high risk of VTE and cervical spine surgery carried a low risk. Advanced age, neurologic deficits, and spinal tumors were risk factors in elective spinal surgery. No DVT was found in 6 of 10 PTE-positive patients. This result indicates that screening for PTE is needed in high-risk patients.
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